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Many amplified-chromosome regions in human can- 
cers have been identified, while there are only a lim- 
ited number of reports for amplified genes in a single 
amplicon. We recently isolated four cDNA clones, A39, 
B47, C51, and CABI, from 500 kilobases of yeast artifi- 
cial chromosome DNA containing the c-ERBB-2 gene. 
B47 consisted of 615 base pairs and had about 85% ho- 
mology with the corresponding sequence of mouse 
Grb-7. We report here the structure of human GRB-7 
cDNA, and we report that the amounts of mRNA for c- 
ERBB-2, CAB1, and GRB-7 were elevated in concor- 
dance with the amplification, c lot Academic i 



A variety of proto-oncogene amplification in human 
tumors has been reported, and there is a high correla- 
tion between oncogene amplification and the prognosis 
of the particular types of tumor (1,2). The overex- 
pression of proto-oncogene through gene amplification 
is thought to confer a selective growth advantage dur- 
ing tumor progression. The amplicon spreads from 
hundreds to thousands of kilobases (3-5). We pre- 
viously reported that HST1 and INT2 on chromosome 
llql3 were amplified in about 50% of esophageal can- 
cer (6-9). By cosmid walking and exon trapping, we 
further demonstrated that this amplicon contained at 
least five genes, HST1, INT2, MB38, EXP1, cyclin Dl/ 
EXP2 genes (10). 

Amplification of c-ERBB-2 was reported in about 
10% of gastric cancer (11-13). Recently, we successfully 
obtained four genes, CAB1, B47, A39 and C51, from 
the 500 kb of yeast artificial chromosome (YAC) DNA 
containing the c-ERBB-2 gene by the modified cDNA 



1 The nucleotide sequence reported in this paper has been depos- 
ited in the DDBJ, EMBL, and GenBank databases under Accession 
No. D43772 for human GRB-7. 

3 To whom correspondence should be addressed. Fax: +81-3-3248- 
0326. 



selection method (Akiyama et ai, unpublished observa- 
tion). The four genes, CAB1, B47, A39 and C51 were 
co-amplified with c-ERBB-2 in TE 6, esophageal cancer 
cell line. The nucleotide sequences of A39 and C51 re- 
vealed no significant homology to known genes. Pre- 
dicted amino acid sequence of the CAB1 gene had sig- 
nificant homology to the steroidgenic acute regulatory 
protein, StAR, which has an essential role in choles- 
terol transport to mitochondria (14-17). B47 was 615 
bp in size, and the nucleotide sequence of B47 had 85% 
homology to that of the mouse Grb-7 cDNA. Mouse Grb- 
7 is a SH2 domain protein and was first cloned by the 
association of the tyrosine phosphorylated carboxyl- 
terminus of the epidermal growth factor receptor (18), 
and was found to be a possible signaling adaptor mole- 
cule of the receptor-type of tyrosine kinase, c-ERBB-2 
product (19). Here we report molecular cloning of hu- 
man GRB-7, and also show amplification and mRNA 
expression of five genes, A39, C51, CAS 2, GRB-7 and 
c-ERBB-2, in primary gastric cancers and gastric can- 
cer cell lines. 

MATERIALS AND METHODS 

Construction ofcDNA library and molecular cloning of the human 
GRB-7. Poiy(A) + RNA was prepared from total cellular RNA of TE 
6, esophageal cancer cell line, having c-ERBB-2 amplification by oli- 
go(dT)-cellulose column chromatography. The cDNA primed with oli- 
go(dT) was synthesized from 10 ug of the poly(A) + RNA using cDNA 
Synthesis System Plus kit (Amersham, Arlington Height, IL). The 
cDNAs of the size more than 0.5 kb were recovered and inserted 
into XgtlO vector. Two hundred thousand plaques of the constructed 
XgtlO cDNA library were screened by plaque hybridization using 32 P- 
labeled mouse Grb-7 cDNA as a probe. The mouse Grb-7 probe was 
prepared from lug of mouse liver poly(A) + RNA by reverse transcrip- 
tion-PCR The sequences of mouse Grb- 7 primers were: 5'-AAGCTG- 
TATGGGATGCCC-3' and 5'-GCTGCAGCAGGTCTGTGAAAC-3'. 
Twenty three cDNA clones were obtained. Six out of 23 clones had 
the size of 2.3 kb corresponding to the size of human GRB-7 mRNA. 
Five out of six clones could be classified into the same group by 
restriction enzyme mapping. The insert DNAs of the two candidate 
full length clones of human GRB-7 were cleaved from the vector by 
£coRI-digestion and subcloned into pUC18 vector. DNA sequence 
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was performed by Applied Biosystems 370A DNA sequencer (Applied 
Biosystems, Foster City, CA). 

Cell lines and tumor tissues. The nine gastric carcinoma cell lines 
used in this study are the following: MKN7, MKN28, MKN74, 
MKN45, OKAJIMA, TMK-1, KATO-III t HSC-39 and MKN1 (20). 
These cell lines were maintained in RPMI-1640 medium (Nissui, 
Tokyo, Japan) supplemented with 10% fetal calf serum at 37°C under 
a humidified atmosphere of 5% C0 2 . A total of 70 primary gastric 
carcinoma tissues and their adjacent normal tissues were surgically 
removed at the National Cancer Center Hospital, Tokyo. 

DNA preparation and Southern blot analysis. Genomic DNA was 
prepared from cell lines and tissues using a standard method. The 
extracted DNA was digested with EcoRl, and lOfig of digested DNA 
was fractionated on 0.8% agarose gel and transferred to Hybond-N-f- 
(Amersham). Hybridization was carried out in 50% formamide, 5x 
standard saline citrate (SSC) (IX standard saline citrate = 0.15M 
NaCl, 0.015M sodium citrate (SDS)), 5X Denhardt's solution, 5mM 
EDTA, 0.1% sodium dodecyl sulfate, 10% dextran sulfate, and 100/xg/ 
ml denatured salmon sperm DNA at 42°C for 14-16h. All DNA probes 
were labeled with a-[ 32 P]dCTP using a rediprime DNA labelling sys- 
tem kit (Amersham). The filter was washed twice in 0.1 x SSC and 
0.1% SDS at room temperature for lOmin each and then washed 
at 65°C for 30min, and exposed to Kodak XAR film at -70°C. The 
hybridization intensity in each sample was quantified by Bio- image- 
Analyzer (BAS2000; Fujix, Kanagawa, Japan). As a control for the 
equal loading, transfer and hybridization of the DNA samples, the 
filters were stripped and re-hybridized with probes for HOX2I gene 
which is located on the same chromosome 17 (21). The intensities 
of the H0X21 hybridizing fragments were used as references for 
normalization of the results. The criterion for gene amplification used 
in this study was that the intensity of the hybridization signal was 
elevated more than 3-fold compared with the normal one. 

RNA preparation and northern blot analysis. Poly(A) + RNA was 
prepared from culture cells using Fast track kit (Invitrogen, San 
Diego, CA), and total cellular RNA was prepared from surgical tis- 
sues using ISOGEN kit (Nippon Gene, Toyama, Japan) according to 
the recommended procedure by the supplier. Two fig of poly(A) + RNA 
or 20 ptg of total cellular RNA was electrophoreeed on 1% agarose/ 
formaldehyde gel and transferred to NitroPlus membrane (Micron 
Separations, Inc., Westboro, MA). The filter was hybridized with 
radiolabeled probes under the same conditions as described above. 

Probes. The following probes were used in Southern and northern 
blot hybridization. The c-ERBB-2 probe was prepared from 
pCERNH7 constructed from pCER235 and pCER204, a full length 
cDNA clone (22). The CAB1 probe was a 2.0 kb fragment of the full 
length cDNA clone. The B47/GRB7, A39 and C51 probes were cDNA 
fragments previously cloned from c-ERBB-2 locus by the cDNA en- 
richment method (Akiyama et al., under submission). The &47/GRB- 
7 probe was 615 nucleotides (corresponding to nucleotide 1072-1686), 
A39 was 600 nucleotides and C51 was 670 nucleotides. The HOX2I 
probe consisted of a PCR product encompassing nucleotides 20-561 
(21). The rat /3-actin cDNA originally cloned was used as an internal 
control probe in northern blot hybridization. 

RESULTS 

The oligo(dT)-primed cDNA library inserted into 
\gtl0 vector was constructed from the RNA of TE 6 
cells, and screened by a mouse Grb-7 cDNA fragment 
corresponding to nucleotides 1323-1975 (18). One clone 
of about 2.3 kb was entirely sequenced by Applied Bio- 
systems 370A DNA sequencer. The sequence of this 
cDNA represents an open reading frame of 1596 nucle- 
otides encoding 532 amino acids containing nucleotides 



GCCCGCGGATCCCACAGGGCTCCCCCCCGCCTCTGACTTCTCTGTCCCAAGTCGGGACAC 6 0 

CCrCCTACCACCTGTAGACAAGCGGGAGTGGATCTGAAATAAAATCCAOCAATCTCGGGG 120 

TTCCTAGACGGAGCCAGACTTCGGAACGGGTGTCCTGCTACTCCTGCTGGGGCTCCTCCA 180 

GGACAAGGGCACACAACTGGTTCCGTTAAGCCCCTCTCTCGCTCAGACGCCATGGAGCTG 24 0 

MEL 3 

GATCTGTCTCCACCTCATCTTAGCAGCTCTCCGGAAGACCTTTGGCCAGCCCCTGGGACC 30 0 

DLSPPHLSSSPEDLWPAPGT 23 

CCTCCTGGGACTCCCCGGCCCCCTGATACCCCTCTGCCTGAGGAGGTAAAGAGGTCCCAG 36C 

PPGTPRPPDTP LPEEVKRSQ 43 

CCTCTCCTCATCCCAACCACCGGCAGGAAACTTOGAGAGGAGGAGAGGCGTGCCACCTCC 420 

PLLIPTTGRKLREEERBATS 63 

CTCCCCTCTATCCCCAACCCCTTCCCTGAGCTCTGCAGTCCTCCCTCACAGAGCCCAATT 4 80 

LPSIPNPrPELCSPPSQSPI 83 

CTCGGGGGCCCCTCCAGTGCAAGGGGGCTXJCTCCCCCGCGATGCCAGCCGCCCCCATGTA 540 

LGGPSSARGiLPRDASRPHV 103 

GTAAAGGTGTACAGTGAGGATGGGGCCTGCAGGTCTGTGGAGGTGGCAGCAGGTGCCACA 600 

VKVYSBOGACRSVEVAAC-AT 123 

GCTCGCCACGTGTGTGAAATGCTGGTGCAGCGAGCTCACGCCTTGAGCGACGAGACCTGG €60 

ARHVCENLV QRAHALSDETW 143 

GGGCTGGTGGAGTGCCACCCCC^CCTAGCACTGGAGCGGGGTTTGGAGGACCACGAGTCC 720 

GLVECHPHLALERGLEDHES 163 

GTGGTGGAAGTGCAGGCTGCCTGGCCCGTGGGCGGAGArAGCCGCT.TCGTCTTCCGGAAA 780 

VVEVQAAWPVGGDSRFV.FRK 183 

AACTTCGCCAAGTACGAACTGTT(2AAGAGCTCCCCACACTCCCTGTTCCCAGAAAAAATG 6 4 0 

NFAKYELFKSSPHSLFPEKM 203 

GTCTCCAGCTGTCTCGATGCACACACTGGTATArCCCATGAAGACCTCATCCAGAACTTC 900 

VSSCLDAHTGI SHEDLXQNF 223 

CTGAATGCTGGCAGCTTTCCTGAGATCCAGG^TTTCTGCAGCTGCGGGGTrCAGGACGG 960 

LNA GSFPEI OGFLQLRGSGR 243 

AAGCTTTGGAAACGCTTTTTCTGTTrCTTGCGCCGATCTGGCCTCTATTACTCCACCAAG 1020 

KLWKRFFCFLRRSGLtYSTK 263 

GGCACCrCTAAGGATCCGAGGCACCTGCAGTACGTGGCAGATGTGAACGAGTCCAACGTG 1080 

GTSKDPRHLQYVADVNESNV 283 

TACGTGGTGACGCAGGGCCGCAAGCTCTACGGGATGCCCACTGACTTCGGTTTCTGTGTC 1140 

YVVTQGRKLYGHPTDFGFCV 303 

AAGCCCAACAAGCTTCGAAATGGACACAAGGGGCTTCGGAT^ 1 200 

KPNKLRNGH RGLRI FCSEDE 323 

CAGAGCCGCACCTGCTGGCTGGCTGCCT TCCGCCTCTTCAAGTACGGGGTGCAGCTGTAC 1260 

QSRTCWLAAF RItFKYGVQLY 343 

AAGAATTACCAGCAGGCACAGTCTCGCXATCTGCATCCATCTTGTTTCGGCTCCCCACCC 1 320 

KNYQQAQSRHLHPSCLGSPP 363 

TIXJAGAACTGCCTCAGATAATACCCTGGTtJGCCATGGACT 1380 

LRSASDNT LVAMOFSGHAGR 383 

GTCATTGAGAACCCCCGGGAGGCrcTGAGTGTGGCCCTGGAGGAGGCCCAGGCCrGGAGG 1440 

VIENPREALSVALEEAQAWR 403 

AAGAAGACAAACCACCGCCTCAGCCTGCCCATCXTAGCCTCrc 1 S00 

KKTHHRLSLPHPASGTSLSA 423 

GCCATCCAOCGCACCCAACTCTGGTTCCACGGGCGCATTTCCCGTGAGGAGAGCCAGCGG 1 560 

a i h r t q i> w..^;';s^«:^^; -$-<fvi:-e- ■■z^s^Q-^-r-" 1 - 

OTATTGGACAGCAGGCCTTGGTAGACGGCCTGTTCC^ 1 620 

;W?^^ii0?#Ql&tf^^^^ f<Q-^^fl;',; : ;'K :j,x 463 

C^CAGGGCTTTCICCTCTCTTTGTGCCACCTG<^GAAAGTGAAGCATTATCTCATCCTG 1680 

.^jmo^tf ^www^s&vtz v:> o^.k yy*? k :-xr- ;ir nv.v-? ■ ■ 4 83 

CCGAGCGAGGAGGAGGGTCGCCTGTACTTCAGCATGGATGATGGCCAGACCCGCrrCACT 1740 

i?^^^*^^ £10.; :\pj; i 'G^Q ipTyj^H £ F ft:". 503 

GACCTCCTGCAGCTCGTGGAGTTCCACCAGC^ 1800 

* * ■ £ 523 

CGCCATTGCTGCACGCGGGTGGCCCTCTGACCAGGCCGTGGACTGGCTCATGCCTCAGCC 1860 

532 

CGCCTTCAGGCTG(XCGCCGCCCCTCCACCCATCCAGTGGACTCTGGGGCGCGGCCACAG 1920 

GGGACGGGATGAGGAGCGGGAOGGTTCCGCCACTCCAGTTTTCTCCrCTGCTTCTTTGCC 1 980 

TCCCTCAGATAGAAAACAGCCCCCACTCCAGTCCACTCCTGACCCCTCTCCTCAAGGGAA 2040 

GGCCTTGGGTGGCCCCCTCTCCTTCTCCTAGCTCrGGAGGTGCTGCTCTAGGGCAGGGAA 2100 

TTATGGGAGAAGTGGCGCCAGCCCAGGCGGTTTCACGCCCCACACTTTGTACAGACCGAG 2160 

AGGCCAGTTGATCTGCTCTCTTTTATACTAGTGACAATAAAGATTATTTTTTGATACAAA 2220 

AAAAAAAAAAAAAAA 2235 

FIG. 1. Nucleotide and predicted amino acid sequences of human 
GRB-7 cDNA. Nucleotide and amino acid positions are indicated to 
the right of the sequence. The shaded region corresponds to the SH2 
domain. 



sequence of the B47 clone (Fig. 1). The first in-frame 
ATG codon was at nucleotide position 220 and was pre- 
ceded by an in-frame terminator codon TAA 132 nucleo- 
tides upstream. The nucleotides sequence flanking the 
start methionine conforms to the Kozak consensus se- 
quence for initiation of protein synthesis (23). Deduced 
amino acid sequence of human GRB-7 revealed 90% 
identity to that of mouse Grb-7 (Fig. 2). Human GRB- 
7 has one SH2 domain at its carboxyl terminus corre- 
sponding to amino acids 432-532, and the amino-termi- 
nal sequence is proline-rich. The central portion of 
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mGRB7 KEU)LSPTHISSSPEOVCPTPATPPETPPPPDHPPPGDVKRSOPLPIP-SSRKLREEEFQ 59 

M | 1 t I I I I I I II I I I I lit II III I I I I I I I I I I I I I I I I I I 
hGRB7 KELDLSPPHLSSSPEDLKPAPGTPPGTPRPPDTPLPEEVKRSQPLLIPTTGRKtREEEBR 60 

tnGRBl ATSLPSrPNPFPELCSPPSQKPILGGSSGARGLl.PRI>SSRtiCVVKVlfSEDGACRSVEVAA 119 

I I I I I I II I I I I I I I M I I I MM! I llllllll II I I I I II I I I I I I I I I I I I 
hGRB7 ATSLPSIPNPFPELCSPPSOSPILGGPSSARGLLPRDASRPHWKVYSEOGACRSVEVAA 120 

mGRB7 GATARHVCEMI.VQRAHALSDESWGLVESHPyLALERGLEDHEFWEVQEAWPVCGDSRFI 179 

I I u 1 1 1 1 1 1 1 1 1 1 1 1 ii 1 1 1 1 1 1 1 1 ii 1 1 1 1 1 1 1 1 1 1 1 inn 1 1 1 1 1 1 1 1 1 1 

hGRB7 GAT ARKVCEMLVQRA HA LSDETWGLVEC K P KL A LERG LEDHE S WEVQAAWP VGGO S RFV 180 

tnGRB7 FRKNrAKYELFKSPPHTLFPEKKVSSCLDAQTGISHEDLIQMFLNAGSFPEIOGFliOLRG 239 

1 1 I 1 1 1 1 1 1 III! II I I 1 I I I I I I I M I I II III IIIIIIMIMIIIKIIMI 
hGRB7 FRKNFAKYELFKSSPHSLFPEKMVSSCLDAHTGISHEDLIQNFLNAGSFPEIOGFLQL— 238 



mGR87 SGRGSGRKLWKRrFCFLRKSGLYySTKGTSKDPRHUQYVADVKESNVlfWTQGRKLYGMP 299 

II I I I I I I I M II I I I I I I II I I I I I I I I II 1 t I I I I I I I I I I I I I I t I I I I t I I I I I 
hGRBT --RGSGRKLWKRFFCFLRRSGLYYSTKGTSKDPRHMlYVADVNESNVrWTOGRKLYGMP 296 

nCRB7 TDFGFCVKPNKLRNGHKGLHIFCSEOEQSRTCWLAAFRLFKYGVOLYKWYQOAOSRHLRIi 359 

"I I | I I I I I I I I I I II I I I 1 I I I I I I I I I I I I I II I M I I I I M I I I I I I I II I I I I I 
hGRB7 TDFGFCVKPNKLRNGHKGLRIFCSEDEQSRTCWLAATRl.FKYGVOLYKNYQOAQSRilLHP 356 

mGRBT SYLGSPPLRSVSDNTLVAMDFSGHAGRVIDNP REALS AAMEEAQAWRKKTNHRLSLPTTC 419 

I I I 1 I I I I I I I I I I I I I I I I I I I I I It I I I I I I I f It II I I I II I M I II I I 

hGRB7 SCLGSPPLRSASONTLVAMDFSGHAGRVIENPREALSVALEEAQAWRKKTNHRLSLPKPA 416 

mGRB7 SGSSLSAAIHRTQPWFHGRISREESQRLIGQQGLVDGVFLVRESQRNPOGFVLSLCHLOK 479 

II I I I I I II I I I 1 I I I I I I I II I I I I I I I I I I II I I M I I I I I I I I I I I I I I I I I I I 
hGRB7 SGTSLSAAIHRTQlWfHGRXSREESORLIGQQGI-VOCLFLVRESORNPOGFVLSICHLQK 4 76 

mGRBT VKHYLILPSEDEGCtYFSKDEGOTRFTDLLQLVEFHQLNRGILPCLLRHCCARVAL 535 

I I I I I I I I I I II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II 
hGRB7 VKHYLILPSEEEGRLYFSMDOGQTRFTDLLQLVEFHQLNRGILPCLLRHCCTRVAL 532 

FIG. 2. Amino acid comparison between mouse Grb-7 (mGRB7) 
and human GRB-7 <hGRB7). Identical amino acids are indicated by 
vertical dashes. The boxed region is a SH2 domain and the under- 
lined region is a plekstrin domain. The repeated four amino acids 
(Arg-Gly-Ser-Gly) corresponding to 238-241 of mouse Grb-7 were de- 
leted in human GRB-7. 



N17) were tested by northern blot hybridization with 
c-ERBB-2, CAB1, GRB-7, A39 and C51 probes. All the 
tumor samples contained a significantly high amount 
of c-ERBB-2, CAB1 and GRB-7 mRNA, while the corre- 
sponding normal tissues contained little (or none) (Fig. 
4)., More than 8-fold amplification of c-ERBB-2 and 
GRB-7 was observed in the T16 DNA sample, while 
CAB1 was amplified 3-fold. With correspondence to the 
amplification degree of these genes, the T16 RNA sam- 
ple contained markedly increased amounts of mRNAs 
for c-ERBB-2 and GRB-7, but the amount of CAB1 was 
not remarkably increased. mRNAs for A39 and C51 
were not detectable in all three pairs of samples. The 
poly(A) + RNAs prepared from the nine gastric cancer 
cell lines were analyzed by northern blot analysis for 
expression of these five genes. All the gastric cancer 
cell lines contained mRNAs for c-ERBB-2, CAB1 and 
GRB-7. Markedly elevated amounts of c-ERBB-2, 
CAB1 and GRB-7 mRNA were found in MKN7 cells 
compared to the amounts in other cell lines. The 
mRNAs for A39 and C51 were not detected in all the 
cell lines. 

DISCUSSION 

Gene amplification of human tumors has been exam- 
ined as a proto-oncogene amplification. There have 



mouse Grb-7 contains a plekstrin domain (24-26). The 
plekstrin domain of human GRB-7 corresponds to 
amino acids 231-336. The amino acid sequences of the 
SH2 and plekstrin domains are almost conserved be- 
tween human and mouse. The repeated motif which 
consists of four amino acids Arg-Gly-Ser-Gly in the 
plekstrin domain, is deleted in human GRB-7. 

The amplification of c-ERBB-2, CAB1, GRB-7 f A39 
and C51 genes was investigated in primary gastric can- 
cers and gastric cancer cell lines. The DNA samples 
extracted from gastric cancer tissues were digested 
with EcoRI and analyzed by Southern blot hybridiza- 
tion. Representative results of Southern blot analyses 
are shown in Fig. 3. The presence of equal amounts of 
DNA in each lane was confirmed by the hybridization 
with the probe of HOX2I gene, which was located on 
the same chromosome 17 (Fig. 3). In these samples, co- 
amplification with c-ERBB-2 was found in samples by 
hybridization with the GRB-7, C51 and CAB, in no 
sample with the A39 probe, respectively. Nine gastric 
cancer cell lines were analyzed for the amplification of 
the five genes. Only the MKN7 gastric cancer cell line 
showed amplification of c-ERBB-2, CAB1, GRB-7, A39 
and C51 genes (data not shown). 

The total cellular RNAs prepared from three pairs 
of tumor tissue samples (T15, T16, T17) and the corre- 
sponding adjacent normal tissue samples (N15, N16, 




FIG. 3. Southern blot analysis of DNA from gastric cancer tis- 
sues. The case number is given on top. Eco-Bl digested DNA was 
hybridized with GRB-7, c-ERBB-2, CAB1, C51, A39, and HOX2I 
probes. Probes are shown at the right side. The approximate sizes 
(in kilobases) of the represented bands are shown at the left side. 
As control for the loading amount of DNA the blots were hybridized 
with the H0X2I probe. 
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FIG. 4. Northern blot analysis of the c-ERBB-2, CAB1 and Gi?J3- 
7 genes in the gastric cancer tissues and gastric cancer cell lines. 
(Left) Twenty fig of total cellular RNA from three pairs of gastric 
cancer tissues (T15, T16 and T17) and matched adjacent normal 
tissues (N15, N16 and N17) were subjected 'to blot hybridization. 
(Right) Two j/g of polytA) + RNA from the nine gastric cancer cell lines 
were subjected to blot hybridization. Probes are shown at left side. 
Approximate sizes (in kilobases) of the major transcripts are shown 
at right side. As an internal control, /?-actin probe was hybridized. 



been, however, only limited reports available which 
analyze the genes located in the amplified region. The 
investigation of genes on the amplicon will lead to 
an understanding of genes giving selective growth 
advantage to cells. It was reported that there was a 
DEAD box gene, HuDBP-RB IDDX1, on N-MYC am- 
plicon (27), and the 12ql3-14 locus amplified in hu- 
man sarcoma or glioma contained six genes including 
CDK4, SAS and MDM2 (28-30). In this study, c- 
ERBB-2 amplification was found in the primary gas- 
tric cancers, all originated from differentiated types 
in agreement with previous reports (11). The other 
four genes, CAB1, GRB-7, A39 and C51, were ampli- 
fied only in the samples in which c-ERBB-2 was also 
amplified. The present data together with the results 
on the analysis of llql3 amplicon, N-MYC amplicon 
and 12q 13-14 amplicon established that there are 
multiple-expressed genes in a single amplicon. 

The GRB-7 gene encodes a SH2 domain protein and 
a sequence similar to the pleckstrin domain which is 
supposed to mediate protein-protein interaction during 



signal transduction (25,26). The a amino terminal por- 
tion of GRB-7 is proline rich and may be a potential 
binding site for SH3 domain. The product of mouse 
Grb-7 binds tightly to c-ERBB-2 through its SH2 do- 
main in the breast cancer cell lines, and co- amplifica- 
tion of GRB-7 and c-ERBB-2 in human breast cancer 
cell lines has been reported (19). Although it has not 
been clarified what signal might be sent through GRB- 
7, it is conceivable that the simultaneous overex- 
pression of a receptor tyrosine kinase and a coupling 
SH2 domain protein may enhance the signal transduc- 
tion pathway and lead cells to proliferation. Our results 
suggest that in primary gastric cancers with c-ERBB- 
2 amplification, co-amplification of GRB-7 and c-ERBB- 
2 may lead to a more aggressive phenotype. The c- 
ERBB-2 gene had been analyzed as a prognostic 
marker in cancer patients, especially in breast cancer 
(31, 32). The analysis of GRB-7 amplification in addi- 
tion to c-ERBB-2 amplification may underscore the role 
of c-ERBB-2 as a prognostic marker. 

It has been noted that c-ERBB-2 and THRA-1 /thy- 
roid hormone receptor alpha gene, the cellular homo- 
logue of the viral erb-A oncogene, were co-amplified in 
breast and gastric cancer (11, 33). The amount of 
THRA-1 mRNA was not elevated in spite of amplifica- 
tion. In contrast, mRNA expression of GRB7, c-ERBB- 
2 and CAB1 was elevated in concordance with amplifi- 
cation. No mRNA for C51 and A39 was detected by 
northern blot hybridization despite amplification. In 
general, the key gene providing the selective force for 
tumor progression should fulfill two criteria: the first 
is that it should be affected in all cases of the amplifi- 
cation, and the second is that it should be expressed at 
elevated levels in the tumors. Therefore, GRB7 and 
CAB1, as well as c-ERBB-2, seem to be candidate genes 
for a leading role by this amplicon in gastric cancer 
and probably also in breast cancer and ovarian cancer. 
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